ABSTRACT. Catfish (Chrysichthys nigrodigitatus) and mullet (Liza grandisquamis) were sampled from Lagos Lagoon and Agboyi Creek and analysed for alpha-BHC, beta-BHC, lindane, delta-BHC, heptachlor, heptachlorepoxide (B), aldrin, dieldrin, endrin, endrin aldehyde, endrin ketone, cis-chlordane, trans-chlordane, endosulfan 1, endosulfan 11, endosulfan sulphate, methoxychlor, p,p´-DDE, p,p´-DDD and p,p´-DDT. Sampling was conducted four times at the designated sites during the dry season months of December 2008 and February 2009 and the wet season months of May and September 2009. The muscle tissues and organs of the finfishes were subjected to cold extraction with petroleum ether/acetone (1:1 v/v) mixture and clean-up on silica gel adsorbents. A gas chromatograph coupled with electron capture detector (GC-ECD) was used to detect and determine the organochlorines. The residue levels of the fishes were higher in the Lagos Lagoon than in Agboyi Creek while a higher concentration of the residues was observed during the dry season. The female fishes accumulated higher organochlorines than the male fishes. The order of residue accumulation in the organs of the fishes was gills > livers > large intestines > small intestines > kidneys > muscles. The dietary surveys indicated that the amount of fishes consumed ranged from 20 to 200 g/day, with a mean value of 40 g/day. The estimated daily intakes of the organochlorines were within the acceptable daily intakes while the levels of residues in the fishes were within the permissible residue limits.
INTRODUCTION
Nigeria is a rich fishery resource and fishes are major sources of proteins in the country. Finfishes constitute the major components of most aquatic habitats and are important biomonitors of residue levels in aquatic ecosystems. Fishes are suitable indicators for environmental pollution monitoring because they concentrate pollutants in their tissues directly from water and through their diet, thus enabling the assessment and transfer of pollutants through the trophic web [1, 2] . The low activity of the mono-oxygenase enzymes in fishes limits their ability to metabolize organochlorines [3] . Hence, fishes reflect the levels of organochlorine pollution in the aquatic environment [4] . Besides evaluating organochlorines in the muscle tissues of fishes, investigating their distribution in organs of fishes is vital in order to provide more information about the pathways along which bioaccumulation occurs, and thus reflecting the environmental conditions.
Ingestion is the main source of human exposure to chlorinated pollutants [5] . Organochlorines are toxic environmental contaminants that are of concern [6] . They are highly toxic and bioaccumulate in the fatty tissues of animals and humans [7] . Biological monitoring of persistent organic pollutants provides information on the fate processes that the contaminants undergo [8] . Many persistent organic pollutants, become incorporated into food chain and consequently affect humans. Organochlorines could cause human breast and liver cancers, testicular tumours and lower sperm counts [9, 10] .
Lagoons are depositories of effluent discharges, leachates and run-offs from activities on land. The discharge of rivers into lagoons is the main transport pathway of pesticide residues. The Nigerian coastal belt has estuaries and lagoons as a transition zone between it and the numerous rivers and creeks flowing southwards into the Atlantic Ocean. The distribution of various chlorinated hydrocarbons in the marine and estuarine environment depends on residues of persistent organochlorine pesticide physicochemical properties of the eco-system as well as partition coefficients of individual c h l o r i n a t e d h y d r o c a r b o n s [11] . Organochlorines could distribute among the components of the ecosystem, such as water and sediment, and accumulate in aquatic organisms. The proliferation of urban settlements and slums in Lagos has led to increased human pressure and the generation of domestic effluents, which eventually find their way into the Lagos Lagoon. The lagoon therefore receives a complex mixture of domestic and industrial wastes and has served as the ultimate sink for the disposal of sewage. In view of the negative health effects of organochlorines on humans, it is necessary to evaluate the levels of these pollutants in the muscle tissues and organs of edible fishes. This study was therefore undertaken to investigate the levels of organochlorines in Chrysichthys nigrodigitatus and Liza grandisquamis, two fishes that are commonly consumed in Nigeria.
EXPERIMENTAL

Study area
The study area for the investigation is the Lagos Lagoon and Agboyi Creek. 
Collection of fish samples
Male and female catfish (Chrysichthys nigrodigitatus) and mullet (Liza grandisquamis) were harvested with the aid of fishing net. The harvested fish samples were separately wrapped in aluminium foil, stored in ice-packed coolers and transferred to the laboratory where they were frozen, thawed, cleaned in distilled water and their scales sloughed off.
Determination of sex
Catfish and mullet exhibit sexual dimorphism. Their gonads were examined in order to determine their gender. Gonads are the reproductive organs of a fish and consist of testis in the males and ovaries in the females and lie in the body cavity. The fish samples were separated into males and females by naked eye examination of their gonads [12] .
Evaluation of percentage (%) dry matter
1.0-2.0 g of muscle tissue of each of the fresh fish samples was weighed and dried in an oven maintained at 105 0 C for 8 hours. The dried fish samples were cooled in desiccators and weighed in analytical balance to constant weight and the percentage dry matter was calculated.
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Calculation of condition factor (CF)
The condition factor (CF) which describes the physiological condition of the fishes [13] was calculated according to the equation [14] :
where, W = the fish wet weight (g) and L = the fish total length (cm).
Determination of fat content
10 g of fish muscle tissue was mixed with 10 g of anhydrous Na 2 SO 4 to remove any trace of water and grinded with mortar and pestle. Cold solvent extraction was carried out using 50 mL petroleum ether/acetone (1:1 v/v) mixture in a reagent bottle. The mixture was well shaken and allowed to stand for 30 min and then filtered. After evaporating the solvent extracts with the aid of a rotary evaporator, the fat content of the muscle tissue was determined gravimetrically: % 100 weight of fat Fat weight of tissue  
Sample preparation
Muscle tissue was dissected with a dissecting set between the pectoral fin and vent of each fish. The livers, gills, kidneys and intestines of the fishes were also extracted using the cold extraction method [15] . The solvent extracts were concentrated to 1 mL using a rotary evaporator and kept for clean-up. Column chromatography was used to clean-up the extracts [16] . The glass separating column was packed with activated silica gel (90% < 45 µm) and washed down with n-hexane to remove dirts. The extracts were demoisturized over 1 g of anhydrous granulated Na 2 SO 4 and separated into two eluted fractions using mixtures of dichloromethane, hexane and acetonitrile as eluting solvents. For the first fraction, 30 mL of a dichloromethane/hexane (20/80) mixture was used, while 30 mL of a dichloromethane/hexane/acetonitrile (50/49.5/0.5) mixture was used for the second fraction to ensure that the polar acetonitrile eluted any remaining residues. The fractions were combined, concentrated to 1 mL using a rotary evaporator and subsequently analysed for organochlorines.
Identification and determination of organochlorines by gas chromatography
The cleaned-up extracts were dried and re-dissolved in 1.0 mL isooctane [17] . Organochlorine Pesticides II EPA Method 8081A was used for the analyses. The detection and determination of the residues were performed by injecting 1 µL of the 1.0 mL purified extract into the injection port of a gas chromatograph with a
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Ni electron capture detector (GC-µECD Agilent Technology 7890A) equipped with the ChemStation software. Identification of pesticide residues was accomplished using reference standards and relative retention time techniques, while the residues were determined by comparing the peak heights of the samples with the corresponding peak heights of the reference standards of known concentrations. The concentrations (w/w) of the pesticide residues were calculated by the gas chromatograph after inputting the weight of the samples. The operating conditions of the gas chromatograph are presented in Table 1 .
Quality assurance
Standards were run to check for the column performance, peak height, resolution and the detection limit. The correlation coefficients of calibration curves of the pesticides were all higher than 0.998. The quality assurance measures included cleaning procedures, recovery of spiked standards and monitoring of detector response. Blank runs were made for background correction and performance of the system. The stock solution of the organochlorine pesticide standards was purchased from Restek Corporation, USA. It contained 1000 mg/L in n-hexane and was serially diluted to obtain the desired concentrations of 10, 20 and 40 mg/L. The recovery of organochlorines was carried out in replicate and was determined by spiking the previously analysed samples with the pesticide standard. The recovery percentages were calculated from the chromatograms. 
Estimation of daily intakes (EDI) of organochlorines by humans
The daily intake of organochlorines by humans was estimated based on questionnaires and interviews conducted in 100 families consisting of 90 adults and 10 children. The respondents were persons who eat the fishes harvested and were categorized into males and females. Information on preference of the fish species, age and weight of the respondents and frequency of consumption was collated in order to estimate the daily dietary intake of the fishes. The respondents were mainly adults and a few children who reside in Lagos. Their economic activities cut across fishing, farming, teaching, public service and business. The average per capita consumption was estimated and compared with the acceptable daily intake. The dietary intake of the organochlorines was calculated by multiplying concentrations measured in the muscle tissues of each fish by the per capita consumption. The estimated daily intake of the organochlorines was calculated using the equation:
where, FDC = fish daily consumption (g), CC = contaminant concentration (ng/g), BW = body weight (kg) and EDI = estimated daily intake of OCPs (ng/kg body weight/day). 40 g was taken as the average fish daily consumption while 70 kg was taken as the average body weight.
Analyses of data
The fish extracts were analysed for alpha-BHC, beta-BHC, lindane, delta-BHC, heptachlor, heptachlor-epoxide (B), aldrin, dieldrin, endrin, endrin aldehyde, endrin ketone, cis-chlordane, trans-chlordane, endosulfan 1, endosulfan 11, endosulfan sulphate, methoxychlor, p,p´-DDE, p,p´-DDD and p,p´-DDT. Concentrations of OCP residues were calculated individually and as the sum of their isomeric forms. Description of data was performed using a Statgraphics Centurion XV statistical software, with the level of significance maintained at 95% for each test.
The mean and standard deviation were calculated from the detectable values, and values below the detectable limit were considered not detected (ND). The mean was calculated from triplicate determinations.
RESULTS AND DISCUSSION
The mean biometric data of Chrysichthys nigrodigitatus and Liza grandisquamis are presented in Tables 2-3 . There was a positive correlation between the total lengths and standard lengths of the fishes. Increasing fish lengths gave corresponding increases in fish weights. There was no correlation between the wet weights and % fat of the fish species. The fishes had condition factor less than 1 during the dry season. The condition factor describes the physiological condition of fishes [13] and usually increases when sexual maturation approaches. An undernourished or thin fish has a condition factor less than 1 while an adequately fed or fat fish has a condition factor greater than 1. The condition factor could be variable between samples due to anatomical differences. The condition factor of the fishes was generally low, giving an indication of their physiological state. The condition factor of the fishes in Agboyi creek was higher than those from the lagoon mainly due to the higher level of pollution in the Lagos Lagoon, feeding mode and availability of food for the fishes. The percentage of recovery of the residues ranged between 88.5±2.8 and 98.4±2.8%. c is -C h lo rd a n e tra n s -C h lo rd a n e E n d o s u lfa n I D ie ld rin A typical chromatogram of organochlorine pesticide residues in the liver of male Chrysichthys nigrodigitatus during the dry season in Lagos Lagoon is shown in Figure 1 . The mean concentrations of organochlorines in muscle tissues and organs of the male and female fishes are shown in Tables 4-12. The level of organochlorine residues in the fishes in Lagos Lagoon was higher than the level in Agboyi Creek while a higher concentration of the residues was observed during the dry season. This is as a result of the higher contamination of the Lagos Lagoon and dilution effect that is witnessed during the wet season. The muscle tissues of the female fishes accumulated higher organochlorines than the muscle tissues of the male fishes, possibly due to physiological differences such as increased fat content. There was no consistent pattern in the residue accumulation by male and female organs of the fish species studied. The dominant BHC was beta-BHC. BHCs accumulation largely followed the order beta-BHC > lindane > delta-BHC > alpha-BHC. The total dichlorodiphenyltrichloroethane (DDT) concentration in this study followed the order: p,p´-DDT > p,p´-DDD > p,p´-DDE. The high p,p´-DDT levels detected in this study was in contrast with previous studies [19] which showed that p,p′-DDE was the major DDT residue in aquatic species. The higher proportion of DDT than its metabolites indicates that some of the contamination could be recent. In the environment, DDT breaks down into its major metabolites, dichlorodiphenylethane (DDE) and dichlorodiphenyldichloroethane (DDD) over time. The continued use of DDT in some countries, including Nigeria, further contributes to worldwide environmental contamination. DDE has the shortest biological half-life, followed by DDT and then DDD. It is the persistence of DDT and its breakdown products that leads to its bioaccumulation and bio-concentration in the food chain. The fat solubility of DDT results in its being concentrated throughout the food chain.
In this study, the total detectable organochlorines (wet weight) of the muscle tissues ranged between 3.8 ng/g in C. nigrodigitatus and 2082 ng/g in L. grandisquamis and were higher when compared to earlier studies in Ogun and Edo Rivers [20, 21] . However, the levels of detectable organochlorines were lower when compared to studies conducted by Adeyemi et al. [22] in Lagos Lagoon. The bioaccumulation of organochlorines in fishes is attributable to their lipophilic nature. They gain entrance into fishes by ingestion, dermal absorption and respiration. Accumulation of contaminants in fish lipids can occur by diffusion from the water across the gills and by transfer from the gut into the body after consumption of contaminated food. When these organic pollutants are taken up by the fish, they bioaccumulate, biomagnify and remain in the fish until they are eventually consumed by man. The processes of bioaccumulation and biomagnification of persistent contaminants may be affected by the fish's physiology, age, trophic levels, habitat, structure of food web and contaminant physicochemical properties [23] . The distribution profile of the organochlorines in the muscles, gills, livers, kidneys, large and small intestines indicate that different tissues and organs of fishes have varied concentrations of residues. The order of accumulation in the fishes was largely gills > livers > large intestines > small intestines > kidneys > muscles. Gills accumulated much organochlorines than other organs in the fishes analysed. The levels of endosulfan and endosulfan sulphate were particularly high in the gills, confirming earlier studies [24] . However, the residue levels in the gills were reduced during the wet season, especially at Agboyi Creek due to dilution effect. The levels of organochlorines were higher in liver than in muscle tissues, and this is consistent with a study carried out by Metcalfe et al. [25] . The difference in patterns of these contaminants in liver and muscle tissue may reflect differences in metabolism of contaminants, content and composition of lipids, or the degree of blood perfusion in the various tissues. Liver plays a major role in the distribution, detoxification or transformation of these xenobiotics and constitutes an important site of pathological effects induced by persistent organic pollutants [26] . Moreover, contaminants tend to concentrate in the liver, reflecting a short-term exposure to pollutants [27] . The dietary surveys conducted in 100 families indicated that the amount of fishes consumed ranged from 20 to 200 g/day, with a mean value of 40 g/day. The mean consumption of fish in this study compares with the dietary surveys conducted in China where the consumption of fish increased from 27.5 g/day in 1989 to 30.5 g/day in 1997 [28] . In a survey conducted in 325 families in Coimbatore city, India, Muralidharan et al. [29] also reported a fish consumption of 47 g/day. In this study, respondents were asked to give information about the amount of species of fish they consume because fish consumption represents an important pathway for exposure to organochlorines. Although the vital organs of fish such as gills, livers and kidneys are sensitive to persistent organic pollutant accumulation, muscle forms the major edible portion in a fish. Therefore, muscle tissue alone was used in determining the dietary intakes to human body. The estimated daily intakes (EDI) of organochlorines by humans are shown in Table 13 . ΣBHC, Σaldrin, Σendrin, Σchlordane, Σheptachlor and ΣDDT were used in estimating the daily intakes. The estimated daily intakes of the pesticides were within the acceptable daily intakes. The appraisal of dietary intake was based on comparison of acceptable daily intakes established by the joint FAO/WHO expert committee, Health Canada and USEPA (Table 13 ). Levels of organochlorines in the fish species analysed were within the permissible limits [30] [31] [32] , suggesting that the fishes were safe for consumption. Source: [30 -32] .
CONCLUSION
A total of twenty organochlorines were detected in the fish samples. The residue levels were higher in the Lagos Lagoon than in Agboyi Creek while a higher concentration of the residues was observed during the dry season. The female fishes accumulated higher organochlorines than the male fishes. The order of accumulation of organochlorines in the fishes was gills > livers > large intestines > small intestines > kidneys > muscles. The relationship between the maturation stage of female fishes and their levels of bioaccumulation of organochlorine pesticides will be a subject for further research.
